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(54) Communication mode switching method for mobile station 

(57) The ground base station informs an in-level for 
the ground system, an out-level from the ground sys- 
tem, a timer value and an edge information indicating 
the edge of the service area, in addition to the broad- 
cast information. It assumes that the mobile station MS 
moves from position 31 to zone 26 at the edge in the 
service area, and then moves to position 33. At the posi- 
tion 31, when the received field strength of the ground 
system decreases, the edge information is not detected, 
so that the mobile station MS does not switch the com- 
munication mode to the satellite system immediately by 
setting the timer value to three minutes. At position 32, 
the edge information is detected, so that the mobile sta- 
tion MS sets the timer value to one minute, and sets the 
out-level to a lower value than the general value. When 
the field strength is equal to or less than the out-level 
even after the passage of one minute, the mobile station 
MS switches the communication mode to the satellite 
system. Therefore, mode switching does not flap. On 
the contrary, when the mobile station MS moves from 
position 33 to position 32, the mobile station MS sets 
the in-level to a larger value than the general value, so 
that the flapping of the mode switching is prevented. 



FIG. 4 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a mode switching 
method for a mobile station, which is suitable for mobile 
communication in which different service areas over- 
lap. 

Prior Art 

In conventional mobile communication in which 
there are over-lapping service areas, it becomes neces- 
sary to select a communication mode according to the 
service area. The selection of a communication mode is 
called mode switching. Fig. 1 is a conceptual drawing 
showing an example of a mobile communication system 
having over-lapping service areas. In Fig. 1, each com- 
munication mode of the mobile communication system 
A, B is mutually different, with a part of service area 1 for 
the mobile communication system A and a part of serv- 
ice area 2 for the mobile communication system B over- 
lapping. The mobile station MS in the service area 2 
moves from position 31 to position 32 in the over-lapped 
area, and then moves to position 33 in the service area 
in which only mobile communication system A is 
applied. In conventional mobile communication, the 
mobile station MS autonomously recognizes the service 
area, in which it exists, on the basis of the received field 
strength. In this case, the mobile station MS observes 
signals which are transmitted from each base station of 
systems A and B, and then decides whether it is inside 
or outside a (particular) service area on the basis of the 
received field strength. In other words, when the 
received field strength PA at the mobile station MS of a 
signal sent from a base station in system A exceeds a 
fixed value pal preset as a system parameter, then the 
mobile station MS judges its position to be inside sys- 
tem A. Further, when received field strength PA is less 
than a fixed value pa2 preset as a system parameter, 
then the mobile station MS judges its position to be out- 
side system A. Similarly, when the received field 
strength PB at the mobile station MS of a signal sent 
from a base station in system B exceeds a fixed value 
pb1 preset as a system parameter, then the mobile sta- 
tion MS judges its position to be inside system B. Fur- 
ther, when received field strength PB is below a fixed 
value pb2 preset as a system parameter, then the 
mobile station MS judges its position to be outside sys- 
tem B. 

The received field strengths PA and PB of the 
mobile station MS present at position 31 in system B are 

PA < pa2 and 
PB>pb1. 

In this case, the mobile station MS selects a system 



B mode, because the mobile station MS exists in the 
service area of system B and outside the service area of 
system A. Next, when the mobile station MS moves 
from position 31 to an over-lapping area between both 
5 service areas, and then reaches position 32, the 
received field strengths PA and PB become 

PA>pa1 and 
PB>pb1. 

10 

In this case, the mobile station MS can exist in both 
areas of systems A and B. Normally, the mobile station 
MS gives priority to the first selected mode, rather than 
selecting a plurality of modes simultaneously. Thus, the 
15 mobile station MS selects a mode in system B. Further- 
more, when the mobile station MS moves from position 
32 to a service area in system A only, and then reaches 
position 33, the received field strengths PA and PB of 
the mobile station MS become 

20 

PA>pa1 and 
PB < pb2. 

In this case, the mobile station MS selects a system 
25 A mode, because it is present in the service area of sys- 
tem A but outside the service area of system B. 

Fig. 2 is a conceptual drawing showing an example 
of a mobile communication system which has a service 
area included within another service area. In Fig. 2, 
30 service area 1 of the mobile communication system A 
includes service area 2 of the another mobile communi- 
cation system B. This example, which assumes that 
system B has priority over system A in mode selection 
will explain the case where the mobile station MS 
35 moves from position 31 to position 32, and then moves 
from position 32 to position 33 successively. 

The received field strengths PA and PB of the 
mobile station MS at the position 31 , become 

40 PA>pa1and 
PB>pb1. 

Although the mobile station MS exists in both serv- 
ice areas of systems A and B, the mobile station MS 
45 selects the mode of system B because system B has 
priority. Next, when the mobile station MS moves to 
position 32, the received field strengths PA and PB at 
the mobile station MS become 

so PA>pa1 and 
PB < pb2. 

In this case, the mobile station MS selects a system 
A mode because the mobile station MS exists outside 
55 the service area of system B. Furthermore, when the 
mobile station MS moves to position 33, the received 
field strengths PA and PB of the mobile station MS 
become 
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PA < pal and 
PB < pb2. 

Thus, the mobile station MS exists outside both 
systems A and B. s 

Further, when the mobile station MS once more 
moves to position 32 from position 33, the received field 
strengths PA and PB at the mobile station MS become 

PA > pal and 10 
PB < pb2. 

Thus, the mobile station MS is present inside the 
service area of system A, and outside the service area 
of system B. Therefore, the mobile station MS selects 15 
the system A mode. Furthermore, when the mobile sta- 
tion MS moves to position 31, the received field 
strengths PA and PB of the mobile station MS become 

PA > pal and 20 
PB>pb1. 

Although the mobile station MS is present inside 
both service areas of the systems A and B, the mobile 
station MS selects the system B mode because system 25 
B has priority. 

However, in the above-mentioned conventional sys- 
tem, if service areas are discontinuous, or if the mobile 
station MS is present at the edge of a service area, 
repeated switching of modes occurs, giving rise to a 30 
phenomenon known as flapping . If there are many 
mobile stations MS in the above-described state, then 
location registration for mode switching is carried out 
repeatedly for each mobile station MS. Thus, the traffic 
on the control channel increases to or exceeds the limit 35 
of the processing capacity of the facility, so that conges- 
tion occurs. 

An explanation of the aforementioned problem will 
now be made using Fig. 3. In Fig. 3, as in Fig.1, the 
service area 2 of the mobile communication system B is 40 
included in the service area 1 of the mobile communica- 
tion system A. In addition, a distinct service area 21 of 
system B is included inside service area 1 of system A. 
System B is assumed to have priority over the system A 
in mode selection. 45 

This example will describe the case where the 
mobile station MS in service area 2 moves from position 
31 to position 32, which is outside service area 2 but 
inside service area 1, and then moves from position 32 
to position 33 inside the service area 21 . so 

The received field strengths PA and PB of the 
mobile station MS at the position 31 become 

PA > pal and 

PB>pb1. 55 

In this case, although the mobile station MS can 
select modes of both systems A and B, the mobile sta- 
tion MS selects the mode of the system B which has pri- 



ority. At this time, if temporary shadowing occurs, that is, 
if the mobile station MS enters the shadow of a building 
or a mountain, interrupting the electronic waves from 
the base-station, then the received field strengths PA 
and PB of the mobile station MS at position 31 become 

PA > pal and 
PB < pb2. 

As a result, the mobile station MS determines that it 
is outside the mode B area, i.e., outside service area 2, 
and then carries out location registration following mode 
switching. Once the mobile station MS recovers from 
the temporary shadowing, the received field strengths 
PA and PB of the mobile station MS become 

PA > pal and 
PB>pb1. 

Thus, the mobile station MS at position 31 carries 
out the location registration for system B again after 
switching the mode, because system B has priority. 

Next, when the mobile station MS moves to position 
32, the received field strengths PA and PB of the mobile 
station MS become 

PA > pal and 
PB < pb2. 

The mobile station MS at position 32 selects the 
mode of system A because the mobile station MS exists 
outside service area 2 of system B. 

Furthermore, when the mobile station MS moves 
from position 32 to position 33, the received field 
strengths PA and PB at the mobile station MS become 

PA > pal and 
PB>pb1. 

In this case, although the mobile station MS is 
present in the service areas of both systems A and B, it 
selects the mode of system B which has priority. At this 
time, it is expected that the distinct service area 21 is a 
very narrow area. Thus, when the mobile station MS 
reaches position 32 by moving just slight distance, the 
mobile station MS switches to the mode of the system 
A, and must register its location in system A through the 
control channel of that system. Furthermore, when the 
mobile station MS moves slight distance to again, reach 
position 33, the mobile station MS switches to the mode 
of the system B, and must register its location in system 
B through the control channel of that system. 

However, in the above-mentioned conventional sys- 
tem, in the case where there are many mobile stations 
MS which would give rise to flapping, then the control 
channel becomes subject to congestion due to traffic for 
location registration. Furthermore, a large load is 
imposed on the network management system. Flapping 
also occurs in the case of a mobile station MS which 
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exists on a boundary of service area 2 in system B. In 
addition, the fixed values pal, pb1 (in-level), and pa2, 
pb2 (out-level) are stored unchangeably as system 
parameters in the mobile station MS, so that they can- 
not be easily changed. 5 

SUMMARY OF THE INVENTION 

It is accordingly a primary object of the present 
invention to provide a mode switching method for a 
mobile station capable of restraining the increase in traf- 
fic on the control channel by preventing flapping when 
selecting modes. 

In an aspect of the present invention, there is pro- 
vided a mode switching method for a mobile station 
wherein there is a portion of overlap between the serv- 
ice area of a first mobile communications system and a 
second mobile communications system, with communi- 
cation carried out by switching between a first communi- 
cation mode connected to the first mobile 
communications system and a second communication 
mode connected to the second mobile communications 
system. This premise is characterized in that informa- 
tion having the parameters for mode switching transmits 
from at least one of the base station of the first mobile 
communications system or the second mobile commu- 
nications system to the aforementioned mobile station, 
which switches between the first and second modes on 
the basis of the parameters including in information. 

Furthermore, it is desirable that the parameter 
includes at least the field strength threshold, and the 
mobile station detects the received field strength, com- 
pares the detected received field strength with the field 
strength threshold, and switches the first communica- 
tion mode and the second communication mode on the 
basis of the compared result. 

Furthermore, it is desirable that the parameter 
includes at least the quality of the received signal, and 
the mobile station detects the quality of the received sig- 
nal, compares the detected quality with the parameter, 
and switches the first communication mode and the 
second communication mode on the basis of the com- 
pared result. 

Furthermore, it is desirable that the information 
includes edge information which shows that the mobile 
station exists at a boundary region of the service area, 
and the mobile station switches the first communication 
mode and the second communication mode on the 
basis of whether there is the edge information or not, 
and on the basis of the parameter of the information. 

Furthermore, it is desirable that the mobile station 
switches the communication mode when conditions for 
mode switching are maintained during a predetermined 
time beginning from when the conditions for mode 
switching comes into existence. In this case, if time 
information is included in the aforementioned informa- 
tion, then the mobile station MS may set the fixed period 
of time based on this time information. 

Furthermore, it is desirable that the information 



includes time information indicating time, and the 
mobile station sets the predetermined time on the basis 
of the time information. 

Furthermore, it is desirable that the first mobile 
communication system is a ground cellular communica- 
tion system, the second mobile communication system 
is a satellite communication system, and the parameter 
used to switch from the communication mode of the 
ground cellular communication system to that of the sat- 
ellite communication system, and the parameter used to 
switch from the communication mode of the satellite 
communication system to that of the ground cellular 
communication system are selected respectively so that 
the ground cellular communication system takes prior- 
ity. 

Furthermore, it is desirable that the first mobile 
communication system is a ground cellular communica- 
tion system, the second mobile communication system 
is a satellite communication system, and the field 
strength threshold consists of an in-threshold which is 
referenced by the mobile station when the mobile sta- 
tion goes into the service area, and an out-threshold 
which is referenced by the mobile station when the 
mobile station goes out of the service area, and the in- 
threshold is increased or the out-threshold is decreased 
when the mobile station exists in the boundary region of 
the service area, as compared to when the mobile sta- 
tion does not exists in the boundary region of the serv- 
ice area. 

Furthermore, it is desirable that the first mobile 
communication system is a ground cellular communica- 
tion system, the second mobile communication system 
is a satellite communication system, and the predeter- 
mined time is set a longer value, when the communica- 
tion mode is switched from the communication mode of 
the ground cellular communication system to the com- 
munication mode of the satellite communication, then 
when the communication mode is switched from the 
communication mode of the satellite communication to 
the communication mode of the ground cellular commu- 
nication system. 

Moreover, it is desirable that the first mobile com- 
munication system is a ground cellular communication 
system, the second mobile communication system is a 
satellite communication system, and the predetermined 
time is set a small value when the edge information is 
detected then when the edge information is not 
detected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects and advantages of the present 
invention will be apparent from the following description, 
reference being made to the accompanying drawings 
wherein preferred embodiments of the present invention 
are clearly shown. 

In the drawings: 

Fig. 1 is a conceptual drawing showing an example 
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of a conventional mobile communication system 
wherein there is over-lap between service areas; 
Fig. 2 is a conceptual drawing showing an example 
of a mobile communication system wherein one 
service area is included in another service area; 
Fig. 3 is a conceptual drawing showing an example 
of a mobile communication system wherein the 
service area included in the lager service area in 
Fig. 2, has a distinct service area; 
Fig. 4 is a conceptual drawing showing an example 
of the service area of the mobile communication 
system of the first embodiment of the present 
invention; 

Fig. 5 is a block diagram showing an example of the 
structure of the systems in the second embodiment 
of the present invention; 

Fig. 6 is a block diagram showing a structural exam- 
ple of the mobile station in the second embodiment; 
Fig. 7 is a block diagram showing a structural exam- 
ple of a base station in the second embodiment; 
Fig. 8 is a diagram showing a structural example of 
a data frame between the base station and the 
mobile station in the second embodiment; 
Fig. 9 is a block diagram showing another structural 
example of the mobile station in the second embod- 
iment; 

Fig. 10 is a block diagram showing another struc- 
tural example of the mobile station in the second 
embodiment; 

Fig. 11 is a flowchart showing the process for 
switching from satellite mode to ground mode in the 
second embodiment; 

Fig. 1 2 is a flowchart showing a process for switch- 
ing from ground mode to satellite mode in the sec- 
ond embodiment; 

Fig. 13 is a diagram showing an example of the 
mode switching state and the transition in receiving 
levels in the conventional method; 
Fig. 14 is a diagram showing o an example of the 
mode switching state and the transition in receiving 
levels in the case where applying the second 
embodiment of this present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

A: FIRST EMBODIMENT 

An explanation will now be made of the first embod- 
iment of the present invention with reference to the 
drawings. 

Fig. 4 is a conceptual drawing showing the mobile 
communication system of the first embodiment of the 
present invention. In Fig. 4, a service area 2 of a mobile 
communication system B is included inside service area 
1 of a mobile communication system A, this service 
area 2 is constructed with a plurality of zones 21 - 28. 
Zone 21 is a distinct area of service area 2. System B 
has priority over system A in mode selection. The zones 



21, 22, 23, 24, 25, 26 and 27, which are drawn with 
oblique lines, are located on edges of service area 2 of 
system B. In this first embodiment, the base station 
adds information showing that a zone is an edge of the 

5 service area to broadcast information sent from the 
base station to a calling control channel. Zone 28 is not 
a zone forming the edge of the service area, so that the 
base station does not add the information, including that 
a zone is an edge of the service area, to the broadcast 

■jo information or to the calling control channel. Alterna- 
tively, in the case, the base station could add informa- 
tion which shows that a zone is not an edge of the 
service area to the broadcast information or the calling 
control channel. 

15 The thresholds pal , pa2, pb1 and pb2 for switching 
modes, are different from the in-area, out-area levels for 
mobile station MS which is not communicating by mode 
switching value. Furthermore, the mobile station MS 
can change thresholds pal , pa2, pb1 and pb2 based on 

20 the received signal. 

The received field strengths PA and PB of the 
mobile station MS at position 31 in zone 28 become 

PA > pal and 
25 PB>pb1. 

As a result, although the mobile station MS may 
select modes of both systems A and B, the mobile sta- 
tion MS selects the mode B because system B has pri- 
30 ority. At this time, when the mobile station MS, at the 
position 31 in the zone 28 is affected by temporary 
shadowing, the received field strengths PA and PB 
become 

35 PA > pal and 
PB < pb2. 

In this case, the mobile station MS does not switch 
from the mode of system B to the mode of system A 
40 because the mobile station MS receives the broadcast 
information which shows that zone 28 is not an edge of 
the service area. 

Next, when the mobile station MS moves from posi- 
tion 31 to position 32 in zone 26 at the edge of the serv- 
es ice area, the received field strengths PA and PB of the 
mobile station MS at position 32 become 

PA > pal and 
PB>pb1. 

50 

The mobile station MS maintains the mode setting 
at mode B because system B has priority. At this time, 
when the mobile station MS at position 32 in zone 26 is 
affected by temporary shadowing, the received field 
55 strengths PA and PB become 

PA > pal and 
PB < pb2. 
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In this case, there is a possibility that the mobile 
station MS moves outside the service area of mode B 
because of receipt of broadcast information showing 
that zone 26 is an edge of the service area. However, in 
the process for switching to mode A, in practice, a hys- 
teresys is provided to the switching using a timer. That 
is, the mobile station MS switches the mode when the 
conditions for mode switching are maintained for a pre- 
determined time starting from when the conditions for 
mode switching are satisfied. Hereby, the mobile station 
MS does not carry out unnecessary mode switching, 
even when the received field strength changes due to 
the temporary shadowing. 

Furthermore, when the mobile station MS moves 
from position 32 to position 33, which is outside service 
area 2 but inside of service area 1, the received field 
strengths PA and PB of the mobile station MS at the 
position 33 become 

PA > pal and 
PB < pb2. 

In this case, the mobile station MS switches to the 
mode of system A. At this time, a hysteresys is applied 
to the timing of mode switching by delaying the timing of 
mode switching using the timer. As a result, it is possible 
to reduce flapping of the mode at the edge of the serv- 
ice area in system B. In addition, for zones inside the 
area of mobile station MS which cause flapping, the 
base station changes the thresholds pal, pa2, pb1 and 
pb2, and then makes the mobile station MS switch the 
mode forcibly. Thus, the base station sets the threshold 
pb2 to a lower value by using the control channel. As a 
result, the received field strengths PA and PB of the 
mobile station MS at position 32 in zone 26, at the same 
edge become 

PA > pal and 
PB > pb2. 

So that, it is possible that the mobile station MS main- 
tains the mode of the system B. 

Incidentally, there are the following two methods, 
among others, for detecting flapping of the mode switch- 
ing. In a first method, the system detects the amount of 
traffic on a common control channel. When the traffic 
amount becomes larger than a predetermined value, 
the system judges that flapping is occurring, while when 
the amount of traffic falls below a predetermined value, 
the system judges that flapping is not occurring. In the 
second method, the system measures the lag time 
between a signal from mobile station MS and a stand- 
ard signal, at the base station, and estimates the posi- 
tion of the mobile station MS on the basis of this lag 
time. In this way, the system judges whether flapping is 
occurring or not. In this case, the base station of system 
B measures now much signal S1 for position registra- 
tion, which is transmitted from mobile station MS, differs 
from the standard signal (in the case of no difference, 



the timing of the receiving signal of the ascent channel 
from mobile station MS). Incidentally, the lag time Ta 
from the base signal when signal S1 sent from mobile 
station MS is received by the ground station is 
5 expressed by the following. 

Ta = 2 • b/C 

where, b is the distance between a mobile station and a 

10 base station, and C is the speed of light. 

When the lag time Ta is larger than a value prede- 
termined as a parameter, then the base station judges 
that there is a possibility that flapping will occur, 
because the mobile station MS is at a location far from 

15 the base station and near the boundary of the service 
area. On the other hand, when the lag time Ta is smaller 
than the predetermined value, the base station judges 
that there is less likelihood that flapping will occur 
because the mobile station MS is near the base station 

20 and sufficiently inside the service area. 

Next, when the mobile station MS moves from posi- 
tion 33 to positions 34 or 32, which are located in the 
zones 21 or 26 at the edge of service area 2, the 
received field strengths PA and PB of the mobile station 

25 MS become 

PA>pa1 and 
PB>pb1. 

30 In this case, although the mobile station MS can 
select modes of both systems A and B, the mobile sta- 
tion MS applies a hysteresys to the timing of the actual 
mode switching by using the timer, in order to avoid 
mode switching in the distinct service area. Alterna- 

35 tively, if the system recognizes zone 21 as a distinct 
area, then the base station may transmit the threshold 
pb1 of zone 21 as a larger value than a normal value of 
an electronic wave from the base station of system B. 
As a result, the mobile station MS at position 34 can not 

40 select the mode of system B. For example, when the 
transmitted level of the base station is 10 dB, it may 
transmit a value which is larger than the 10 dB, such as 
15dB. Furthermore, if the system controls the threshold 
pb1 according to the traffic of the control channel, it is 

45 allowable the mode switching with a probability without 
the congestion. 

In addition, in the case where the quality of the 
receiving line deteriorates along with the received field 
strength, then if the mode is switched, it is possible to 

so judge the mode selecting correctly, alternatively, it is 
possible to use the receiving line quality instead of the 
received field strength. Further, it is possible to change 
the value of the hysteresys by transmitting the timer 
value with the broadcast information. 

55 
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B: SECOND EMBODIMENT 

1. CONSTRUCTION OF THE SECOND EMBODIMENT 

An explain will now be made of the second embod- 5 
iment of the present invention with reference to draw- 
ings. Fig. 5 is a block diagram showing a construction of 
the mobile communication system of the second 
embodiment of the present invention. In Fig. 5, a service 
area 2 for a cellular telephone ground system is 
included in service area 1 for satellite communications. 
Mobile station 30, which can communicate between 
service areas 1 and 2 by switching between the satellite 
communication system and the cellular telephone 
ground system, accepts any service from either com- 
munication system by moving in the service areas 1 and 
2. 

A radio base station 40 for satellite communication 
is connected to a switching center 44 through a line con- 
trol station 42 for satellite communication. A ground sys- 
tem cellular telephone base station 41 is connected to 
the switching center 44 through a ground system cellu- 
lar telephone line control station 43. Both control sta- 
tions 42, 43 can access a home location register 45. 
The switching station 44 is connected to the public tele- 
phone network 46. Number 70 indicates a radio base 
station antenna for satellite communication, number 71 
indicates a radio base station antenna for the ground 
system cellular telephone, and number 120 indicates a 
communication satellite. 

The mobile station 30 receives broadcast informa- 
tion transmitted from the radio base station 40 for satel- 
lite communication through the communication satellite 
120, and broadcast information transmitted from the 
ground system cellular telephone base station 41, and 
selects either the satellite mode or the ground mode. 
When the mobile station 30 selects the satellite mode, 
the mobile station 30 transmits position registration 
information through the communication satellite 120. 
The radio base station 40 for satellite communication 
transmits the position registration information transmit- 
ted from the mobile station 30 to the line control station 
42 for satellite communication. The line control station 
42 for satellite communication registers in the home 
location register 45 that the mobile station 30 is operat- 
ing in the satellite mode. Similarly, when the mobile sta- 
tion 30 selects the ground mode, the mobile station 30 
transmits the position registration information to the 
base station 41 for ground cellular telephone system. 
The base station 41 for ground cellular telephone sys- 
tem transmits the position registration information trans- 
mitted from the mobile station 30 to the line control 
station 43 for ground cellular telephone system. The line 
control station 43 for ground cellular telephone system 
registers that the mobile station 30 is operating in the 
ground mode in the home location register 45. 

When sending to the mobile station 30, the switch- 
ing center 44 accesses to the home location register 45 
of the mobile station 30 through the line control station 



42 for satellite communication or through the line control 
station 43 for ground cellular telephone system, and 
reads out information showing whether the mobile sta- 
tion 30 is registered in the satellite mode or the ground 
mode. If the mobile station 30 is registered in the satel- 
lite mode, the switching center 44 transmits to the 
mobile station 30 through the radio base station 40 for 
satellite communication. In contrast, if the mobile station 
30 is registered in the ground mode, then the switching 
center 44 transmits to the mobile station 30 through the 
base station 41 for ground system cellular telephone. 
Thus, the sender can transmit to the mobile station 30 
without determining, whether the mobile station 30 is 
operating in the ground mode or the satellite mode. 

Fig. 6 is a block diagram showing the construction 
of a mobile station in the second embodiment. In Fig. 6, 
the mobile station 30 consists of a mobile apparatus 34 
for satellite communication and a mobile apparatus 35 
for cellular telephone ground system. In the mobile 
apparatus 34 for satellite communication, a transmitter 
55 and a receiver 56 are connected to an antenna 72 for 
satellite communication through a DUP 80, and a voice 
code circuit 91 and a control signal generating circuit 92 
are connected to the input side of the transmitter 55. 
Further, a control signal decode circuit 93 and a voice 
decode circuit 94 are connected to the output side of the 
receiver 56. A mobile station control circuit 101 for sat- 
ellite communication controls the transmitter 55, the 
receiver 56, the voice code circuit 91 , the control signal 
generating circuit 92, the control signal decode circuit 
93 and the voice decode circuit 94. 

In the mobile apparatus 35 for cellular telephone 
ground system, a transmitter 57 and a receiver 58 are 
connected to an antenna 73 through a DUP 81, and a 
voice code circuit 95 and a control signal generating cir- 
cuit 92 are connected to the input side of the transmitter 
57. Further, a control signal decode circuit 96, a voice 
decode circuit 97 and a received level detecting circuit 
99 are connected to the output side of the receiver 58. A 
cellular mobile control circuit 102 controls the transmit- 
ter 57, the receiver 58, the voice code circuit 95, the 
control signal generating circuit 92, the control signal 
decode circuit 96 and the voice decode circuit 97. 

In this second embodiment, a dual-mode control 
circuit 100 is instituted into the mobile apparatus 34 for 
satellite communication, and a dual-timer 98 is con- 
nected to the dual-mode control circuit 100. The input 
side of the voice code circuits 91 , 95, the output side of 
the voice decode circuits 94, 97, the mobile station con- 
trol circuit 101 for satellite communication, cellular 
mobile control circuit 102, dual-mode control circuit 100 
and the hand set 1 1 0 are connected to each other via 
bus 66. 

Fig. 7 is a block diagram showing the construction 
of base stations 40, 41 in the second embodiment. In 
Fig. 7, a transmitter 51 and a receiver 52 are connected 
to an antenna 70 through a DUP 82, and a frame con- 
stituent circuit 60 is connected to the input side of the 
transmitter 51 , in the base station 40. Broadcast infor- 
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mation, a calling disposal signal, mode switching infor- 
mation and edge information are inputted into the frame 
constituent circuit 60. The edge information shows that 
the mobile station is present at an edge of the service 
area. 

In the base station 41, a transmitter 53 and a 
receiver 54 are connected to an antenna 71 through a 
DUP 83, and a frame constituent circuit 61 identical to 
the frame constituent circuit 60 is connected to an input 
side of the transmitter 53. 

The mobile station 30 becomes a mobile station for 
ground system cellular telephone when the mobile 
apparatus 35 for ground system cellular telephone is 
operated in a single mode for ground cellular telephone 
system, after disconnecting the mobile apparatus 34 for 
satellite communication. 

In the radio base station 40 for satellite communica- 
tion and the base station 41 ground cellular telephone 
system, the frame constituent circuits 60, 61 form a 
radio frame to add the mode switching information and 
the edge information to the broadcast information, 
respectively, and transmits the radio frame with the 
common control channel. Fig. 8 is a diagram showing 
the construction of a data frame in the second embodi- 
ment. In this case, Fig. 8 is an example of transmission 
of the dual-in-level, the dual-out-level and the timer val- 
ues as edge information and mode switching informa- 
tion. However, the mode switching information and the 
edge information are transmitted only when notification 
is necessary. This information become an idling state 
when not transmitted. In addition, when the mode 
switching information and the edge information are not 
transmitted, then the transmitting order of the mode 
switching information may be changed. 

Furthermore, as shown in Fig. 9, the mobile appa- 
ratus 35 for cellular telephone ground system may also 
be provided with circuits related to the dual -mode con- 
trol, namely, a dual-mode control circuit 100 and a dual- 
timer 98. In addition, as shown in Fig. 10, by connecting 
a line quality detecting circuit 1 1 to the receiver 58, a 
line quality may be used as a condition for mode switch- 
ing. Furthermore, it is possible to replace the above 
mentioned circuits of the mobile station 30 with soft- 
ware. 

2. Operation of the second embodiment 

Next, the operation of the second embodiment will 
be explained with reference to the drawings. Fig. 1 1 is a 
flowchart showing the process for switching from satel- 
lite mode to ground mode in the second embodiment. In 
Fig. 1 1 , the mobile station 30 selects the satellite mode 
(S1), in this condition, the mobile apparatus 35 for 
ground cellular telephone system is waiting to receive 
the broadcast information transmitted from the base 
station 41 of ground cellular telephone system(S2). 
When the mobile station 30 receives the broadcast 
information, the mobile station 30 checks whether the 
mode switching information included in the broadcast 



information, is different from the mode switching infor- 
mation stored into the dual-mode control circuit 101 of 
the mobile station 30 (S3). If the mode switching infor- 
mation is different, the mobile station 30 changes the 

5 mode switching information (S4). As a result, the base 
station can control the dual-in-level, the dual-out-level or 
the timer value. 

Next, the mobile station 30 checks whether the 
receiving level at the mobile apparatus 35 for ground 

10 cellular telephone system is higher than the dual-in- 
level or not(S5). If the level is higher, then the mobile 
station 30 confirms the edge information (S6). When it 
is confirmed from the edge information that the mobile 
station 30 is not present at an edge of the service area 

15 of the ground cellular telephone system, the mobile sta- 
tion 30 starts a counting of the timer 98 for the dual- 
mode switching (S7). In this case, for example, the timer 
value is set at about one minute. Afterward, the mobile 
station 30 again waits to receive the broadcast informa- 

20 tion transmitted from the base station 41 for ground cel- 
lular telephone system (S8). Or the broadcast 
information is received, the mobile station 30 checks 
whether the mode switching information of the broad- 
cast information is different from the mode switching 

25 information stored in the dual-mode control circuit 100 
or not (S9). If the mode switching information is differ- 
ent, then the mobile station 30 renews the mode switch- 
ing information stored in the dual-mode control circuit 
100 (S10). 

30 Next, the mobile station 30 checks whether the 
receiving level from the base station 41 for system cel- 
lular telephone ground is higher than the dual-in-level or 
not (S11). If the receiving level is higher than the dual- 
in-level, the mobile station 30 refers to the edge infor- 

35 mation to check whether it exists in an edge of the serv- 
ice area of the ground cellular telephone system or not 
(S12). If the mobile station 30 does not exist in an edge 
of the service area, then the mobile station 30 checks 
whether the timer value of the timer 98 is larger than the 

40 timer value of the broadcast information or not (S13). If 
the timer value of the timer 98 is not larger, then the 
processing returns to step S8, and the processing car- 
ries out repeatedly from step S8 to step S13. In this rep- 
etition processing, if the timer value of the timer 98 is 

45 larger than the time value of the broadcast information, 
the mobile station 30 carries out the position registration 
to the cellular telephone for ground system by switching 
the mode to the cellular mode for ground system (S14). 
Using Fig. 12, an explanation will now be made of 

so the case where the mobile station 30 which selects the 
cellular mode for ground system switches to the satellite 
mode. Fig. 12 is a flowchart showing the process for 
switching from ground mode to satellite mode in the 
second embodiment. In Fig. 12, the mobile station 30 

55 receives a signal from the cellular telephone mobile 
apparatus 35 for ground system in the ground mode 
(S1), and observes whether the level of the received 
signal has become lower than the dual -out-level (S2). If 
the level is lower, the mobile station 30 confirms the 
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edge information of the transmitting ground base station 
in the broadcast information thereof (S3). In the case 
where it is confirmed that the current zone in which the 
mobile station 30 is present is an edge of the service 
area in the cellular telephone for ground system, the 
satellite communication mobile apparatus 34 of the 
mobile station 30 receives the broadcast information 
transmitted from the radio base station 40 for satellite 
communication through the communication satellite 
(S4). However, in the case where the satellite communi- 
cation mobile apparatus 34 does not receive the broad- 
cast information, it is judged that the mobile station 30 is 
present outside each of the service areas of the satellite 
communication system and the cellular for ground sys- 
tem (S5). 

On the other hand, when the mobile station 30 
receives the broadcast information transmitted from the 
radio base station 40 for satellite communication, the 
mobile station 30 checks whether the informed mode 
switching information is different from the mode switch- 
ing information stored into the dual-mode control circuit 
101 or not (S6). If the mode switching information is dif- 
ferent, the mobile station 30 changes the mode switch- 
ing information in the dual-mode control circuit 101 (S7). 
On the contrary, if the informed mode switching informa- 
tion is the same as the stored mode switching informa- 
tion, the mobile station 30 checks whether the line 
quality of the ground system has deteriorated or not 

(51 0) . If the line quality has deteriorated, the mobile sta- 
tion 30 starts the counting of the dual-mode timer 98 

(51 1) . This timer value is set for about one minute, for 
example. 

Next, the mobile station 30 observes whether the 
receiving level has become equal to or less than the out- 
level of the dual ground system or not (S12). If the 
receiving level becomes equal to or less than the out- 
level, the mobile station 30 checks whether the edge 
information in the broadcast information indicates that 
its present position is in the edge of the cellular service 
area of the ground system or not (S13). If the present 
position is at the edge of the service area, the mobile 
station checks whether it can receive the broadcast 
information from the satellite communication or not 
(S14). Next, if the mobile station 30 can receive the 
broadcast information, the mobile station 30 checks 
whether the mode switching information in the broad- 
cast information is different from that stored in dual- 
mode control circuit 100 or not (S15). If the mode 
switching information is different, the mobile station 30 
renews the stored mode switching information to the 
received mode switching information (S16). However, in 
the case where the broadcast information from the sat- 
ellite communication is not received, it is judged that the 
mobile station 30 is present outside each of the service 
areas of the satellite communication system and the 
cellular for ground system (S20). 

On the other hand, if the received mode switching 
information is the same as the stored mode switching 
information, the mobile station 30 checks whether the 



line quality of the signal from the cellular base station for 
ground system has deteriorated beyond a predeter- 
mined value or not (S17). If the line quality has deterio- 
rated, the mobile station 30 checks whether the timer 

5 value of the dual timer 98 becomes larger than the timer 
value of the broadcast information (S18). If the timer 
value of the dual timer 98 is not larger, the processing 
returns to step 12, with the processing carried out 
repeatedly from step S12 to step S18 until the timer 

10 value of the dual timer 98 exceeds the timer value of the 
broadcast information. Afterward, the mobile station 30 
switches over the communication of the mobile appara- 
tus 34 for satellite communication, and switches from 
the ground mode to the satellite mode (S19). Thus, 

15 when the above mentioned condition of the mode 
switching continues to be satisfied, and the timer value 
is larger than the timer value of the dual -mode switching 
information, the mobile station 30 switches to the satel- 
lite mode, and carries out position registration using sat- 

20 ellite communication. 

The proceeding explanation of Figs. 11 and 12, 
explored an example where the receiving level, the line 
quality, the edge information and the timer value were 
used as conditions for the mode switching. However, if 

25 all these mode switching conditions are not necessary, 
then it is possible to use just one or more of these 
optional mode switching information items as the condi- 
tion for mode switching. In this case, the conditions 
shown in Figs. 1 1 and 12 may be omitted. Furthermore, 

30 in Figs. 11 and 12, the cellular telephone mode for 
ground system and the satellite mode may be 
exchanged. In addition, satellite communication maybe 
exchanged for other cellular telephones for ground sys- 
tem, in this second embodiment making it possible to 

35 employ a method for mode switching using two cellular 
telephone for ground systems. 

Next, Figs. 13 and 14 are diagrams showing exam- 
ples of the control of dual- mode control in each zone at 
the base station. In Figs. 13 and 14, the receiving level 

40 of the mobile station 30 is indicated on the vertical axis, 
while the position of the mobile station 30 is indicated on 
the horizontal axis, the point of horizontal axis and verti- 
cal axis intersection is an in-zone level and an out-zone 
level for a single mode. Furthermore, Figs 13 and 14 

45 show the change in the receiving level in the case where 
the mobile station 30 moves from zone 21 , which forms 
an edge of the service area for a cellular telephone for 
ground system, to zone 26, which is not an edge of the 
service area in the cellular telephone for ground system. 

so Fig. 13 is a diagram showing the conventional 
method. In Fig. 13, although the dual mode in-level is 
set higher than the dual mode out-level, these levels are 
relatively close to each other. As a result, the mobile 
station 30 carries out the mode switching many times 

55 between the satellite system and the cellular telephone 
for ground system, in zone 21 . If there are many mobile 
stations 30 which carry out the above-mention repeti- 
tion, the traffic on the control channel increases, so that 
congestion occurs. Therefore, in this second embodi- 
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ment, in this case, the system changes the mode 
switching information (see Fig. 8), which is transmitted 
from the base station 41 of zones 21 , 26. More con- 
cretely, as shown in Fig. 14, the system causes the 
dual-mode in-level to increase, and causes the dual- 
mode out-level to decrease. As a result, the mobile sta- 
tion which selects the cellular telephone for ground sys- 
tem in zone 21 , cannot carry out the mode switching to 
switch to the satellite mode, while the mobile station, 
which selects the satellite mode cannot carry out the 
mode switching to switch to the cellular telephone for 
ground system 

The dual-mode in-level and the dual mode out-level 
are changed according to the procedure below. First, 
the cellular telephone line control station 43 for ground 
system observes the traffic on the control channel. 
When the traffic exceeds a predetermined value, the 
control station 43 sets a new dual mode in-level and 
dual mode out-level, and informs the new levels to the 
cellular telephone base station 41 for ground system of 
zones 21 and 26. Then, the newly set dual-mode in- 
level and dual-mode out-level are communicated from 
the cellular telephone base station 41 for ground system 
to the mobile station 30 in zones 21 and 26 as mode 
switching information. 

Incidentally, in the notification of the mode switching 
parameters, the edge information is informed by the cel- 
lular telephone base station for ground system, while 
other information may be transmitted from the base sta- 
tion for either the cellular communication for ground sys- 
tem or the satellite communication. 

In addition, it is possible to change the timer value 
for applying a hysteresys (delay) to the timing of the 
mode switching, in accordance with the edge informa- 
tion and the application mode. That is, in case where 
the mobile station 30 detects the edge information in the 
cellular mode for ground system, the timer value is set 
to about one minute, for example. Conversely, when the 
mobile station 30 detects the edge information under 
the satellite mode, the timer value is set to about eight 
seconds, for example. As a result, the system is 
designed so that the mobile station 30 selects as the 
cellular mode for ground system as often as possible. 
Furthermore, when the mobile station 30 cannot detect 
the edge information under the cellular mode for ground 
system, the timer value is set to about three minutes, 
while when edge information is detected, the timer 
value is set to be longer than about one minute. On this 
point, the cellular communication for ground system is 
used more than the satellite communication. 

As described hereto, by means of this invention, it is 
possible to prevent flapping when mode selecting, and 
restrain the increasing of the traffic on the control chan- 
nel. 

Claims 

1 . A mode switching method for a mobile station which 
communicates by switching between a first commu- 



nication mode connected to a first mobile communi- 
cation system and a second communication mode 
connected to a second mobile communication sys- 
tem, wherein a portion of the service area of said 
5 first mobile communication system and the service 

area of said second mobile communication system 
are over-lapped, with each part, 

transmitting an information having a parameter 
10 for switching the mode from the base station of 

at least one of said first mobile communication 
system or said second mobile communication 
system, and 

switching said first communication mode and 
15 said second communication mode based on 

the parameters of said information received by 
said mobile station. 

2. A mode switching method for a mobile station 
20 according to claim 1, wherein said parameter 
includes at least the field strength threshold, and 

said mobile station detects the received field 
strength, compares the detected received field 
25 strength with said field strength threshold, and 

switches said first communication mode and 
said second communication mode on the basis 
of the compared result. 

30 3. A mode switching method for a mobile station 
according to claim 1, wherein said parameter 
includes at least the quality of the received signal, 
and 

35 said mobile station detects the quality of the 

received signal, compares the detected quality 
with said parameter, and switches said first 
communication mode and said second com- 
munication mode on the basis of the compared 

40 result. 

4. A mode switching method for a mobile station 
according to claim 1 or 2, wherein said information 
includes edge information which shows that said 

45 mobile station exists at a boundary region of the 
service area, and 

said mobile station switches said first commu- 
nication mode and said second communication 
so mode on the basis of whether there is said 

edge information or not, and on the basis of 
said parameter of said information. 

5. A mode switching method for a mobile station 
55 according to claim 2, 3 or 4, wherein said mobile 

station switches the communication mode when 
conditions for mode switching are maintained dur- 
ing a predetermined time beginning from when the 
conditions for mode switching comes into exist- 
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ence. 

6. A mode switching method for a mobile station 
according to claim 5, wherein said information 
includes time information indicating time, and 

said mobile station sets said predetermined 
time on the basis of said time information. 

7. A mode switching method for a mobile station 
according to claim 2 or 3, wherein said first mobile 
communication system is a ground cellular commu- 
nication system, 

said second mobile communication system is a 
satellite communication system, and 
said parameter used to switch from the com- 
munication mode of said ground cellular com- 
munication system to that of said satellite 
communication system, and said parameter 
used to switch from the communication mode 
of said satellite communication system to that 
of said ground cellular communication system 
are selected respectively so that said ground 
cellular communication system takes priority. 

8. A mode switching method for a mobile station 
according to claim 2, wherein said first mobile com- 
munication system is a ground cellular communica- 
tion system, 

said second mobile communication system is a 
satellite communication system, and 
said field strength threshold consists of an in- 
threshold which is referenced by said mobile 
station when said mobile station goes into the 
service area, and an out-threshold which is ref- 
erenced by said mobile station when said 
mobile station goes out of the service area, and 
said in-threshold is increased or said out- 
threshold is decreased when said mobile sta- 
tion exists in the boundary region of the service 
area, as compared to when said mobile station 
does not exists in the boundary region of the 
service area. 

9. A mode switching method for a mobile station 
according to claim 5 or 6, wherein said first mobile 
communication system is a ground cellular commu- 
nication system, 

said second mobile communication system is a 
satellite communication system, and 
said predetermined time is set a longer value, 
when the communication mode is switched 
from the communication mode of said ground 
cellular communication system to the commu- 
nication mode of said satellite communication, 
then when the communication mode is 



switched from the communication mode of said 
satellite communication to the communication 
mode of said ground cellular communication 
system. 

5 

10. A mode switching method for a mobile station 
according to claim 5 or 6, wherein said first mobile 
communication system is a ground cellular commu- 
nication system, 

10 

said second mobile communication system is a 
satellite communication system, and 
said predetermined time is set a small value 
when said edge information is detected then 
15 when said edge information is not detected. 
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FIG. 3 
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FIG. 11 
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FIG. 12 
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FIG. 13 
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(54) Communication mode switching method for mobile station 

(57) The ground base station informs an in-level for 
the ground system, an out-level from the ground sys- 
tem, a timer value and an edge information indicating 
the edge of the service area, in addition to the broad- 
cast information. It assumes that the mobile station MS 
moves from position 31 to zone 26 at the edge in the 
service area, and then moves to position 33. At the posi- 
tion 31, when the received field strength of the ground 
system decreases, the edge information is not detected, 
so that the mobile station MS does not switch the com- 
munication mode to the satellite system immediately by 
setting the timer value to three minutes. At position 32, 
the edge information is detected, so that the mobile sta- 
tion MS sets the timer value to one minute, and sets the 
out-level to a lower value than the general value. When 
the field strength is equal to or less than the out-level 
even after the passage of one minute, the mobile station 
MS switches the communication mode to the satellite 
system. Therefore, mode switching does not flap. On 
the contrary, when the mobile station MS moves from 
position 33 to position 32, the mobile station MS sets 
the in-level to a larger value than the general value, so 
that the flapping of the mode switching is prevented. 
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